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Calculation of the subband structure and the Fermi energy
In order to get information about the occupied state of t 2g orbitals for Ti-3d electrons, which are responsible for electric conduction in doped SrTiO 3 , we calculated the subband structure and Fermi energy at the electrostatically doped interface from the sheet carrier density 2D by using the triangular potential approximation (6, 39) . Taking the conduction channel of EDLT device in the xy plane and the liquid-solid interface boundary at z = 0, the confinement potential V(z) is approximately given by an infinite for z < 0 (ionic liquid side) and eF av z for z > 0 (SrTiO 3 side) with F av an average electric field in the channel. The general solutions of the Schrödinger equation in triangular quantum well V(z) are given as Airy function (2)
where 0 = ( ℏ 2 2 * av ) 1 3 and m* is an effective mass for the motion along the z direction.
In SrTiO 3 , the t 2g orbitals composed of d xy , d yz and d zx forms the band valleys centered at  point, which have anisotropic effective mass, ℎ and , for the longitudinal (along the z, x and y axes for d xy , d yz and d zx ) and the transverse direction, respectively. By ignoring the band splitting originating from spin-orbit interaction and tetragonal distortion of SrTiO 3 below 100 K (32, 40) for simplicity, the lowest energies of n-th subband for each orbitals are described as
It is noted that the energy of d xy with the same n value is lower than those of other two due to confinement direction along the z axis. In eq. (3), F av is given by
where 0 = 8.85410 −12 F/m is the dielectric constant of vacuum and r = 1/( + av ) is the electric field dependent relative dielectric constant with A = 4.097  10 -5 and B = 4.907  10 -10 m/V in the case of SrTiO 3 at 4.2 K (41), leading to
Then, we can calculate the subband structure (dispersion relations) by assuming that the motion of electrons is nearly free in the xy plane. Since each subband has a constant density of state 2 ℏ 2 ⁄ for d xy or √ ℎ 2 ℏ 2 ⁄ for d yz /d zx with = 2 the spin degree of freedom, the Fermi energy can be determined so as to satisfy the relation for 2D as
Figures S1A and B show the subband structure and the density of state of the two dimensional electron gas in SrTiO 3 deduced from 2D = 2  10 14 cm -2 with = 1.2 0 and ℎ = 4.8 0
reported for a bulk (42, 43) , and = 0.6 0 and ℎ = 14 0 for an oxygen deficient surface (30), respectively, where 0 is the free electron mass. In both cases, the Fermi energy is just below the crossing point between the lowest d xy and d yz /d zx subbands. This implies that the crossing point is not so affected by the change of effective mass ratio and the nonreciprocal transport of our sample with 2D  2  10 14 cm -2 is caused by the strong Rashba spin-orbit interaction enhanced around the crossing point (32).
Symmetrization and antisymmetrization
To analyze the nonreciprocal transport, we symmetrized or antisymmetrized the raw data obtained in the present experiment. We measured the magnetoresistance for both positive and negative magnetic field (R exp (B)) and extracted the odd or even component as a function of B by procedures shown below.
To extract symmetrized and antisymmetrized (R sym (B) and R asym (B)) component from the raw data, we calculated
respectively. R sym (B)/R asym (B) is even/odd as a function of B. We adopt these symmetrization or antisymmetrization for R  and R 2 in the main text. We provide the typical raw and antisymmetrized data in Fig. S2 . It is noted that at T = 0.19 K (Fig. S2A and B) , antisymmetric oscillating behavior seen in antisymmetrized data (Fig. S2B ), is observed even in the raw data ( Fig. S2A) . It is noted that the symmetric component, which we eliminated, might come from the asymmetry of the contact resistance of electrodes. Next, we would like to explain how to calculate the strength of the paring mixing. In the simplest Rashba system with dominant singlet Cooper pairs (13, 14) ,  s is related with the ratio of the paring interactions t = 2 u g + u (V g /V u is an even/odd parity interaction) as
Magnetoresistance under high magnetic field
Where T c0 is the mean field transition temperature, W is the sample width,  is the Rashba parameter, R = 2 ℏ 2 is the Rashba splitting energy with the electron mass m, E F is the Fermi 
Because  s is expressed by intrinsic band parameters or constants except for r t , we can estimate r t . By using the values of T c0 = c0 eff = 0.24 K, where c0 eff is the effective superconducting transition temperature in the main text, W = 80 mm, E c ~ 30 meV (44),  ~ 1.0×10 -11 eVm (45) and the fitting value of  s ( s ~ 1.0×10 5 T -1 A -1 ), we obtained r t ~ 0.6. Figures S4A and B show temperature variation of ω and 2ω , respectively, under B = 0.05 T and I = 0.9 A (the same condition as Figs. 4C and D) . 2ω becomes zero at zero-resistance state, which is also consistent with the above discussion. This result is consistent with the theory (14). Fig. S1 . 
Nonreciprocal resistance at zero-resistance state
Supplementary Figures
